In this paper we solve the problem of the Fokker-Planck equation by using the symmetry Lie group method. A good approximation to previous experimental results was obtained for shock waves in Nitrogen and Argon.
Introduction
Shock waves are a common phenomenon in nature and of big importance e.g., in combustion research [1] , heat transfer in porous media [2] , medicine [3] , engineering [4] . On the other hand, symmetry has played a central role in science and is the foundation of Lie group theory. The method consists in finding particular solutions to the differential equations treating them as hypersurfaces. We use infinitesimal coefficients to construct symmetry generators that allow to find infinitesimal invariant solutions under symmetric transformations [5] - [7] .
Fokker-Planck equation
The Fokker-Planck equation is [8] - [9] ,
Using a traffic flow approximation for the velocity, [10] - [11] , in eq. (1) ∂ρ(x, v, t) ∂t
This is a nonlinear second order partial differential equation in three independent variables, which is intended to be solved in this work using Lie symmetries or Lie groups [5] - [7] . If the terms are rearranged eq. (2) is:
Where the contants are:
Here k B is the Boltzman constant, γ the drag coefficient, v m and ρ m are the maximum values of velocity and density, respectively, [11] . The infinitesimal coefficients for each basic variable will now be named in the following way: for the position ξ(x, v, t, ρ), the velocity is η(x, v, t, ρ), time is τ (x, v, t, ρ) and the density φ(x, v, t, ρ). The expression for the symmetry generator is [11] :
The second prolongation of the symmetry generator [6] - [11] , in eq. (5), is:
The quantities φ J are given by
and
Where, the subscript J represents each independent variable and indicates the derivative with respect to those variables. ξ i represents the infinitesimal coefficient associated to each of the p independent variables. Also, D J , eq. (7), is the total derivative with respect to J. Q, eqs. (7) and (8), is known as the characteristic equation of the symmetry generator, which means the invariance of the differential equation under the action of the prolongation symmetry generator [6] - [7] , [11] . Then, we have:
The result of the symmetry criterion is:
Equations (7) and (8) let us to know the expressions φ j , which are:
Replacing them in eq. (10), and organizing as a polynomial of ρ i , the coefficients become a set of coupled system of differential equations for the infinitesimal coefficients. Then, we get: [11] .
The solution to this system is the group of infinitesimal coefficients τ (t) = a 1 t + a 2 (15) Figure 1 : Density in function of the position for shock waves in Nitrogen gaseous to different Mach's numbers. The straight line is the extension of the largest slope for the density profile with M = 1, [11] .
Where the constants a i are known as the Lie constants. Then, the symmetry generator, also called symmetry algebra [5] - [7] and [11] , is:
The lineal independence of the infinitesimal coefficients allows to find particular solutions for each chosen a i . The characteristic equation for the lineal combination of symmetry generators a 4 and a 5 and equation (3), [5] - [7] and [11] , become a coupled system of differential equations Figure 2 : Thickness of the shock wave as a function of the mach number at 80% of the Nitrogen density. The points correspond to the results in [11] .
with a solution given by
Where a = a 5 /a 4 . Also, c 2 and c 3 are integration constants. The boundary conditions ρ = 0, v = v m when x → −∞, and ρ = 1/2, and v = 0 when x = 0 are used. These conditions let the density values to be on the positive side of the plane. Figure ( 2) plots the density as a function of the position for Nitrogen gas with the following conditions: R 0 = 225x10 −12 m (radius of the molecule or Van der Waals), µ = 17.1x10 −6 P a.s (dynamic viscosity), m = 46.5x10 −27 Kg (mass of the molecule), Γ = 1.6 (ratio of specific heats). The results of the density profiles for different Mach numbers are shown in fig.  (1) . The thickness corresponds to the region where 80% of the particles are found, and is calculated with the next equation [11] - [13] : Figure 3 : Thickness of the shock wave as a function of the number of mach to 80% of the Argon density. The points correspond to the results in [11] .
The values for the Argon, plotted in fig. (3) , are: R 0 = 188x10 −12 m, µ = 22.9x10 −6 P a.s, m = 6.63x10 −26 Kg, Γ = 1.6. The a constant is found by iteration until the theoretical curve is on the experimental data: for Nitrogen 1/a = 4.7x10 −10 s and for Argon 1/a = 6.8x10 −9 s.
Conclusions
A Fokker-Planck equation was constructed for a shock wave in gases and solved by the Lie group method. The solution was contrasted with the results referenced in [13] . The results, for the Nitrogen shows that the solution matches the experimental results for low Mach numbers, up to Mach 3.5, figure (2), and for Argon up to 2.5, figure (3).
